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Case 21425 



• DNA Encoding PdxR-4nd microbial produc tinn of vitamin B/; 



^ The present invention relates to a DISJA encoding a novel flavin 'adenine dinucleotide 

(FAD)-dependent D-erythronatc 4-phospkate (EN4P) dehydrogenase originated from 



Sinorhizoinum melihii, which Is involved in vitamin Be biosyrithpsis, and a recombinant 
microorganism transformed with a v?ctor:having tlie DNA. It ajso relates to a process for 
production of vitamin B6 by using th? recombinant microorganism. • 

. i i • - i 

"Vitamin as used in this inventioA includes pyridoxol (PN), ipyridoxal and pyridox- 
amine. Vitamin Bg is a vitamin indisbens^le to human beings or other animals, and is • 
used as a ifaw material of medicines or as feed additives. ' 



! 1. ! 



10 Fermentative production of vitamin Be hylSinorhizabium (also khown 03 Rhizobium: De 
Lajudie.et'alM Int. J. Syst. Bacteriol- 44;715 ^733 (1994)1 meltloH d reported (EP 765,938). . 
But the production efficiency of vitaniin Bs in the process for preparing vitamin Be using a 
microorganism is not so high and it hjas be^en required to constriict a new microorganism 
having higher productivity of vitamin- B^. \ i 

: : \ \ ] 

15 4.PHT pathvray in E coU is as follows:' 4-PHT synthesis sUrts frdin D-erythrosc 4-phos- 

phate OSAfy whidi is oxidized by an WitV dehydrogenase to EN4P» further oxidized by an 

EN4P dehydrogenase to 2-keto-EN4Pj and?transaminatedby an pminotransferase to yield 

4-PHT. xiie three enzymes, E4P dehyidrog^nase> EN4P dehydrogenase, and aminotrans- 

w • ferase> are encoded by three genes, named epd,pdxB, and serC,r^^ . 

[ 20 only one report on the EN4P dehydrogenase of E. colh which requires NAD"*" as a coen- - 

I i * I i * 

I zynie for the enzyme reaction (Zhao et aL, J. BacterioL 177:2804-^^2812 (1995)]- 

' . ' ^ ( I 

f On the otHer hand, the 4-PHT in 5. meliloti is synthesized from glycine and 

!: * glycolaldehyde. But a gene responsible to the reaction has not befen identified yet. For the 

i I J * ? 
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purpbse of identifying the gene, we obtaiiied a vitamin Bs-deficjent mutant of S. meliloH 
IFO 1478i2 that is defective in 4-PHTiformation. And we obtaii^ed a gene, namely pdxR. 
which complements the vitamin Bg-defici^nt mutant, and found that pdxR encodes a 
novel FAD-dependent EN4P dehydrogenase. \ 

I • • * i * 
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According to" the present invention, it is pbssible to improve the] production efficiency of 
vitamin B^ gready by fermentation uiing a microorganism of thk genus Sworhizobium 
having a recombinant plasmidcomprisini a vector containing ^dxR. Vitamin can ' 
advantageously be produced ip the cultur4 broth by cultivating laid microorganisms and 
can be recovered therefrom in a desii;edp|irity. . | 



The present invention provides a DNA enboding an FAD-depe Jdent EN4P dehydrogenase 
origmatiWg from Sinorhizobium; exprfessio|i vectors carrying a D>IA containing the DNA 
encoding the EN4P dehydrogenase; altrankformed host ceD carrying the e>q»re5sion 
vectors; a l>olypepfidc possessing FAD-de^ndent EN4P dehydrbgehase activity produced 
m the host cell; and a process for producing vitamin Be by using|the host cdl! 

All scientipc and technical terms used in tL invention have meLings commonly used in 
the art unless otherwise specified. '5 ■ S 



The present invention is based on the^discivery of a gene designed pdxR, which encodes 
an FAD-dependent EN4P dehydrogenase. }.hich is involved in vitamin B. biosynthesis of 
S. and the use ofthe gene for jmprbving vitamin Bfi production. 

In the verification process of the inveAtionl we found a gene, naied pdxR. which comple- 
ments a vitamin B,-deficient mutant <jf S. melUctnFO 14782 (DSM 10226) that requires 4-' 
hydrox7-Ij-threonine (referred to as 4eHT Uinafter) or vitamik B. for the growth. The 
pdxR do«^ not have homology to any kenei disclosed as being involved in vitamm B^ bio- 
synthesis clf£.. co/i. . ' ' 



I I P 



According to seardx of the genome datable of S. fnelijoti strain ^021 (Galibert et al 

Sdence293:668-672(2001)J.deducedamiL-oaddseq^^^^ 
zsoneofo^doreduc^^^ 

dxfficultto|pred,ct,tssubstrate for PdxR. The pdxR gene was foJnd to complement not 
onlyavita^inB^-defidentmutantofk mkibtilVO 14782 but ajso a pdxB" mutant of £ 
c^KlacWng an.EN4P dehydrogenase. Thes^fo^^^ 

PHT pathway pfvitaminB,biosynAesisin(5.meKforfan^ 
catalyzing oxidation of EN4P to 2-ketQ-EN^P. ' 
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By furthjr acpctiments, a gene product encoded by pdxR gene pf S. mrfx7o«' in the present 
invention was found to contain FAD; and^to catalyze the oxidatifon.of EN4P using an 
dection Acceptor such as cytochromfe c, 2|6-dichlorophenolindpphenol (DCIP), or ferri- 
cyanide, not such as O2, NAD* o'r NADP*. Evidence is pres^ted that the pdxR gene 
5 product iis a dehydrogenase witii electron acceptors rather than *an oxidase and completely 
different from EN4Pddiydrogenas€ With InAD* of &coZ». S 

The present invention is directed to li)NA;sequence comprising ^a DNA sequence which en- 
codes PdxR, which is an FAD-depeodent feN4P dehydrogenase involved in vitamin Bfi syn- 
thesis, as disclosed in the sequence listingias weU as their compfementary strands, or those 
10 which include these sequences, DMA-sequlnces which hybridize^ preferably under 

standard conditions, with such sequences or fragments thereof ^nd DNA sequences, which 
• because of the degeneration of the gehetic|code, do not hybridiz^ under standard 

conditioi^ with such sequences but whicKicode for polypeptides having exactly the same 
• amino acid sequence. 5 ^ 1 ' 

i i • i • 

15 «'Standar4 conditions" for hybridization mean in this context th? conditions which are 
generally Used by a person sVilled in tlie art to detect specific hybridization signals^ or 
preferably, so called stringent hybridization and non-stringent wiishing conditions or more 
preferably so called moderately stringent cbnditions or even mofe preferably so caUed 
stringent hybridization and stringent jvasliing conditions. For example, a condition is 

20 hybridizing in 2 x SSC and 0.5% SDslat 4^0* for 1 hour and wa^huig in 0.1 x SSC and 
•0.5%SDS'at60C°for Ihour. | I | 

' • i ! ■ !■ • 

Present invention also includes DNA sequences that are at least 80% to 85%, preferably at 
• . least 86% io 90%, more preferably at least 91 % to 95%, and particularly preferably more 

than 95% identical to the DMA sequence according to SEQ ID Nb:l or a fragment there- 

* ' ' r \ 

25 from. \ ' \ V . 

• • ; 5 • J 

The present invention is also directed to polypeptides havmg FAD-dependent EN4P de- 
hydrogenase activity, which are functional jlerivatives of the polypeptides of the present 
case. Such! functional derivatives are defined on the basis of the ^mino acid sequences of 
the presenj: invention by addition^ insertion, deletion and/or substitution of one or more 
30 amino add residues of such sequences, wherein such derivatives still have the activity of 
the FAD-dependent EN4P dehydrogeAase. f Such functional derivatives can be made either 
by chemical peptide synthesis known in th4 art or by recombinant means on the basis of 
the DNA sequence as ^sdosed herein by nfethods Icnovm in the state of the art Amino 
acid exchahge? in proteins and peptid4s which do not generally alter tfie activity of such 
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molecule, are known in the state of the ax5t. The most commoniy occurring exchanges arc- 
Ala/Ser, yal/Ile, Asp/GIu. Thr/Ser, Aja/Giy, Ala/Thr, Ser/Asn, AlaA^al. Ser/Gly, lyr/Phe 
Ala/Prp, Lys/Arg, Asp/Asn, Leu/Ile. l^euA^al. Ala/GIu. Asp/Gly i well as these in reversi. 

Furthermore- polypeptides apcordm| to tjie invention include i polypeptide according to 
5 SEQ ID NO: ^ in particular those with the activity of FAD^dep^ndent EN4P dehydro- 
genase, and also, those which are at Wast 80% to 85o/„, preferabljl at leait 86% to 90%. more 
preferably at least 91% to 95%. and Rarticjdarly preferably mor^ than 95% identical to the " 
polypeptide according to SEQ ID NO: 2 ahd have the activity mUtioned. ' 

To exprei the pdxR or the DNA seq4enc| encoding FAD-depident EN4P dehydrogenase 
> efficiently, various promoters can be iised; e.g., the original promoter existing upstream of 
the pditR gene, promoter of antibiotip genfe such as P-galactosidU of E coli aac). pro- 
moter of small ribosomal subunit of i nukiloH (pSl). trp-, tac-. ?trc^promoter, and any 
promoter^ which can be functional iri the hosts consisting of miboorganism including 
bacteria syich as EcdK and 5. weK/ori./ ■ \ ' 

\- - ■ ! i ' • 

For the oljject above, other regulatory elements such as a Shine-balgamo (SD) sequence 
(e g. AGGAGG and so on, including natural and synthetic sequence operable in the host 
cell) and ^ transcriptional terminator:(invUd repeat structure including any natural and 
synthetic sequences operable in the host c^II) which are operab^in the host cell into which 
the codm^ sequence wiU be introduced an^ used with the above ^described promoter. 

A wide variety of host/cloning vector Combinations maybe empLed in cloning the 

double-str,nded.DNA.ao«ing vector is ^enerallyaplasmidorUage^^^^^ 
rephcation origin, regulatory elen^ent^. a cioning sit« indud^^^ 

sdectionmarkerssuchasantibioticr^sistaUBenesindudingre^i^^^^ . 
cdhn tetracychne, chloramphenicol. Ipnamydn. neomycin, streptomycin, gentamicin. . 
spectinomycm etc (referred to as Ap. Tc, cjn. Km, Nm. Sm. Gm " Sp hereinafter 
respective^). \ - | j | ' * • . 

»^u.„dYus.di«£crii«d.i.pBR322^,i« derivatives ind^^^^^ 

»dpB„c«^ffl.pACTci84«Ht,d4riva^ve»,a„davec.orde*edfro„abroad^^^^ 
.angepl,.«,I„d,«RK2andRSFla;iO.Ap„fe„edv^^^^ 

ob,«ge„e„S„,Bto«.i,,dec«dftoma„Vvec.ot,U„t=anrepiica.ein*«„i„o. 

a broad bop range vector «.ch a, pVKlOO. PRK2M, plAPRl, and RSPlOlO or a vector 

' : • J i ! 
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containing a replication ori^ functional in S. meliloti and anojiier oxi^in functional in E. 
coll i ■ ; . ■ \ \ i 

■ • • = i > 

To construct a host ceHL carrying an ejqaression vector, various DNA transfer methods in' 
eluding transformation, transduction, an^l conjugal making can|be used. The methbd for 
constiuc^g'a transformed host cell may |)^"sdected from the n^ethods well known in ihe 
field of n^olecular biology. Usual transfoi^mation and transduc!|on systems can be used for 
R coU. Conjugal mating system can ic wicidy used in Gram-pt^ve and Gram-negative 
bacteria ipcluding E coli and S. meliloti. \ 



» 

i • ' \ ■ ■ ' ' 

Vitamin, Be-defident mutant that has' a mutated J>oint on the pa'thway leading to 4-PHT 



10 can be cohstructed by transposon mutagenesis. .... 

• ' • • i i I ■ 

Transposon i$ a distinct DNA segmeAt, wfiich has a capacity to Jnove into the genome. 
One of these transposoris» Tn5, is a 5i818-bp composite transposbn, consisting of two in- 
verted rejicats and three genes conferring resistance to the antibiotics* TnS has a low in- 
sertional Specificity and TnS mutagenesis ian be performed (M^ade et aL, J, BacterioL 
15 U9:114f-J22 (1982)], A suicide vector, pS[UP2021, which carries TnS derived from 
Pseudomonas and is not replicable in S. melihti^ can be used to ihtroduce TnS insertion 
into the genome of S. meliloti [Simon^et ali» BIO/TECHNOLOgV 1:784 (1983)]. A helper 
plasmid, ^.g., pRK2013 (ATCC 3715&), wlMch helps immobile p^smid transfer into other . 

microorganism, can be used. \ \ l 

i • ■ *■ i 

20 Tn5 on thb suidde vector can be introduced into S. meliloti IFO (14782 by tri-parental con- 
jugal mating in the following manner! S. meliloti as a recipient sttain, E coli harboring 
helper plasmid as a helper strain, and R coli harboring donor plasmid as a donor strain are 
cultivated 'separately and mixed together. Xfter mixed cultivation on plate, meliloti that 
has TnS integrated in its genome can be selected on agar plate containing appropriate anti- 

25 biotics. Among these Santibiotic-resisfant rputants, mutants that produce vitamin 85 less or- 
none can lie selected by the amount of vitamin Be, which they produce, with vitamin 
detection plate. The less or none vitamin tig producing mutants can also be examined 
about requirement of intermediates on thelpathway to vitamin With these supplement 
experiments, a mutated point on the i^athv^ay can be suggested, ] 

' ' \ i ' \ 

30 A DNA segment, which complements vitaxhin Bs deficient mutant, can be screened from 
genomic library of S, meliloti. Genomic libyaty is comprised of I^ge variety of partially 
digested'cljrotnosomal DNA ligated into c0smid aad transferred W vitamin deficient 
mutant Tpansconjugant complemented wjth target DNA segment can be obtained by 
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growA oj.vi«mm B,-free plate. ADNA^e,„«,ccoftlMMgoJ«cmbed«mninedby 

methods known in the state of the art l ' 

PdxR IS oVer-expressed to.investigata a function of its product ih host ceU. When Ae PdxR 
is prepar^ tO be over-«qir««ed, thejpolyinerase chain-reactio^ (PGR) method is suitable 

. . fo'^'^ddingreslrictionenzymerecogmtiorisitetoplacepcto 

meter. "I^^e primers for PCR are sy„the4ed in accordance witlith^ - 
pdxR and flanking region, and one pj-imef contains restriction inzyme recognition 

. sequence^tits5'.end. The DNA fragment containing pdxRcaJbe amplified by PGR using 
the primes and chromoiomal DNA S. ^rneliloti. Amplified D^A can be ligated into a 
vector repUcabl. in E cofi as described ab^ve in a desired struct^r. A plasmid. wherein • 
amphfiediDNA is inserted, can be selected and the sequence of fplified region can be 
ascertained by methods known in the 5tat6 of the art 

For prep^tipn of the cell-free extract frojn the cells obtained by cultivation, general 

method such as sonic^tion. cell breakage in the presence of glasslbead^ 

homogenizer canbe.applied. Ifde.sir^d,trWtmentwithaIyticeA^ymes«chaslysozyn,eor- 

zymolase at 15X to 4rc, preferably ^O'C^to 40-C for I to 3 ho Jrs can also be applied 

before,he,di.n.ptionintheabove-mintio^way. For exampli. after centrifugation of ' 

culture broth, the resulting cells are Washek with 0.85% (w/v) saline and suspended in a 

buffer such asTris-HCl buffer, pH73.A^erceUbreakage,ther^^^^^ 

centrxfug^ tx> separate the ceU debrisj andjits supernatant can b^ used as ceH-free ac^ct, • 

The protean concentration was detenAinecj by the Lowry methoj. 

EN4Pdeb|rdroge„aseactivity with an^on acceptor can be virified by observing or 
measuru^gspectrophotometricaUy color cHange due to fo^ia^^^^ 

Ztt^T " ^'T ^"H*"^^ - ^'^^^-^ ^ °qP. or ferricyanide when 

EN4Pdehydrogenasemthis inventing e»^ together with oneo^thesedec^^ 
II) appropriate buffer. ! > " 



t^ml^^c gdacto^e. «.cros.. „^eh. jterin. or glycerol m^y be employed A» a 
m^en «^urcc. ..g^. pep,o„e, corn «^ ir^r. .oybean powd4 yea.. „ea. ex- 

ttaft .ou.A,r„„™ chloride. ,„ate. ammonium nitrate, urea, or their mi«i.r. 

i • \ ' t 
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phates oi calcium, magnesium, zinc,inanganese, cobalt, and iron may be employed. If 
necessary, conventional nutrient factors, k trapping agent of phosphate ion, or an 
antifoaming agent, such as magnesium afrbonate, aluminum oidde, allophane, animal oil, 
vegetable, oil, or mineral oil can also |>e added supplementary irf a fermentation medium, 
s The pH cif the culture medium may ^e abbut 5.0 to about 9.0, jyreferably about 6.5 to 
about 7:5'. The cultivation temperat\iren|ay be about 10"C to a|>out40»C,' preferably • 
about 25°C to about 35'C. The cultivatioh time may be about t day tq about 15 days, 
preferably about 2 days to about 9 d&ys. Ip the cultivation, aeration and agitation usually 
give fevof able results. . \ \ I ' 

1 *• ' i ' t 

10 After the cultivation, produced vitamin b| may also be separated from the culture brotli 
and purified.. For this purpose, a protess generally used for extracting a certain product 
from the culture broth maybe applied by Jutilizing various properties of vitamin Be. Thus, 
e-g., the cells are removed from the culture broth, the desired substance in the supernatant 
is absorbM on active carbon, then elated ^nd puriBed further i^th an ion exchange resin. 

15 Altematiyely, the culture filtrate is applied; directly to an ion exchange resin and, after the 
elutloA, tAe desired product is recrystallized from mfactnre of alcbhol and -water, 

. ■ ■ ] \ ' \ 

A vitamin' Be deficient mutant, 5. meliloti 16C18, was obtained \iy scrfeemng of TnS* mser- 
tion mutagenesis from S. meliJoH IPq 14762 (DSM 10226). Thejmutant having a mutation 
point on 4-PHT pathway is necessary for isolation of pdxR gene.:encoding EN4P dehydro- 
20 genase and was deposited at the DSM.Z (Deutsche Sammlung von Mikroorganismen und • 
Zellkulturen GmbH) in Gattingen (Germany) on September 17^-2002 under accession no. 
DSM152lb under the Budapest Treaty. ) • ■ \ 

• • • r i ■ 



The invention is explained in more detail below with the aid of ai few implementation • 
examples. The following text is intended to indicate the materials and methods employed 
25 and to su^iport the invention with experimental examples and comparative examples; but 

it is not cdnstrued as being limited thereto^ ! 

I I 1 

Example Ij ' ^ I | ' { 

lA] Isolation of vitamin Bs-deficient Tn5 insertion mutant, 5- ntlliloti 16C18 

Vitahiin Be-deficient mutants were screeried from Tn5 insertion mutants of S. meliloti IFO 
30 U782 that is a natural high producer of vitWin Bfi. Tn5 was introduced into S. meZflori . 
IFO 14782 by tri-parental conjugal matingjas described below. S.\ meliloti IFO 14782 as a • 
recipient strain was inoculated in 5 ml of liquid LBMC medium consisting of 1 % Tryp- 
tone PeptJiie (Becton Diddnson Microbiology systems, MD, U&K), 0.5 % Bacto Yeast 

; •■ . \ ■ 1 ■ 

■' ■ \ \ I ■ 

1 I i \ 



10 



15 



20 



25 



i 1 I9:ei -i^^'Ll M9ZS3U8i(Hi3 

. : • j ( • 5 

. Extract (Becton Dickinson Microbiology ^systems, MD. USA), 0)5 % NaCl, 0.061 % 
MgS04-7^26. and 0.036 % CaarlJfjO and incubated with shaking at SCC at 140 tpm 
for 16hours. The culture (400 /d) wis trinsferxed into fresh ffi|dium and inc^^^ 
hour« agiin. R ccli HBlOl hayboring pRK20l3 (ATCC 37159) is a hdper strain was in- ' 
pculated in 5 ml of liquid LB mediuiii consisting of 1 % TryptoL Peptone, 0.5 % Bacto 
Yeast Bc^act. and 0.5 % Nad contahiingjso /ig/ml of Km and focubated with shaking at 
. S7«Catl4prpmforl6hours. The cjiltu A (100 /d) was transferred into fresh medium and 
incubated fo^ 6 hours again. £ coli HBlOl harboring pSUP202i: as a Tn5 donor strain was 
inoculatefi m 5 inl of liquid LB mediiim 4ntaining 50 Mg/ndokm and incubated with 
shaking at 37^C at 140 rpm for 16 hoiirs. be culture (100 0) ^L transferred into fresh 
medium and incubated for 6 hours again.| Each strain was harvLted and ceBs were inbced 
at 1:1:4 (v/v/v) ratio. The mixture was puf on a nitroceUulose filter placed on LBMC igar 
plate. After this plate was incubated for 26 hours at SO'-C. ceUs in the filter were scratched 
and suspended in sterilized 0.85% sanne. iThe suspension was diluted appropriately and " 
spread on LBMC plates containing 20 /^|nl of Nal (to select foJ..5. meHlini IFO 14782) nnd 
50 /^/ml of Nm (to select for Tn5). jfterWubatipn of the platL at 30»C for 4 days, 
about 10.600jColomes appeared on the plates. The frequency oflNm resistant coW was 
4.2xl0-*/recipient. \ \ j 

These col6nies were streaked on LBMc pl|tes containing same antibiotics and incubated^ 
for 2 days;at 30-C The ceUs grown oh the'plates were inoc„lat4 on vitamin B, assay 
plates (Table 1) containing Saccharomyces'forbbersensis ATCC ^80 as a vitamin B, indica- 
tor strain.. After incubation for 2 days at 3p-C, one colony that ijad no haio ofSaccharo- 
mycescarIsbergensisAT:ccm0y^o).t»i4ed. Thestrain was naW as S. meWori 16C18 
Strain 16C18 did not grow on EMM ^late (Table 1). wherein paient strain, S. nielUcH IFO 
147S2, grew. Further, S. melihti 16Ci8 gr^on EMM plate which was supplemented with 
4 mg/L of,4-HT or 400 ,ig/L of PR T^is rkult suggests that S. Adiloti I6CI8 is a vitamin 
Bfi defiaei>t mutant possessing a mutation point on 4-PHT pathway 
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Table 1: Media composition (vitamin Be assay plate and EMM plate) 



Ingredient 



vitanpi assay plate 



\EMM plate 



ylucose. 

vitamin free casamino acid 

L-arginine 

L-asi>artic acid 

L-gJutamic acid 

glycine . 

L-histidine - 

L-isqleucinc 

L-leiicine 

L-lysine . 

L-methionine 

L-plxenyialanine 

L-threonine 

j 

L'tyi;osine 
L-vaiine, 

KH2PO4 . 
MnS94'5H20 
MgS64-7H20 
CaClV2H20 

m • 

thiamin kydrochloride 
biotin- 

deionized water . 
bacto-^ar (Difco) 
pH I ■:• 



50 g 



8 

160 

20 



I 

\ 
t 

mg 



200 mg 
40 m| 
80 

isomg 
400 mg. 
isOxng 
80 mi; 
160 nig 
160 mg 

280 xng 
550 nig 
2.5 mg 
f 25 mg 
lf25n^ 
^25g i 

2.5 mg 

{ 

^0(14 

\ 

im ml 
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125 mg 
125 mg 
425 mg 
250 fig 

i 
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ioOOml 

isg 

^.8 



(Bl IsoIatii>n of the DNA fragment cojnple'menting growth of S. htelUoti 16C18 on EMM 

• • I i » 

plate , • ) I 



Genomic library of S. melUoti IFO 14782 Was constructed as a tool to obtain DNA frag- 
ment which made S. meUhti 16C18 grow EMM plate withoutf4-HT or PN. 
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Chromosomal DNA of S, melifoti Wp J4782 was prepared usinfe QIAGEN Genomic-tips 
CQIAGEN, GmbH, Germany). The ^hrorinosomal DNA was digested with EcoR I. The 
partially ^igested DNA was subjectef| to a^garose gel dectrophorWis on 0.6% gel. A piece of 
gel containing 15-kb~35-lcb DNA frlgmekts was cut out and thL DNA fragments were 
. eluted frcim the gel by electrophoresis Eljited DNA fragments ^ere precipitated with • ■ 
ethanol and recovered by centrifogation. |ln paraUel, 400 ng of J>lasmid pVKlOO was com- 
pletely digested with EcoR 1 and dep^io5p^^orylated with allcalin^ phosphatase.- The treated 
pVKlOO v^as ligated with above-meritione^ chromosomal DNAjfragmeiits (1 /ig) of S. ' 
meliloti 14782 by ligation Icit (TaWapio Inc., Shiga, Japan). The DNA was subjected ' 
to in wW packaging of phage (Ameriham Biosciences Corp., NJ, USA). Then, E. coU 
ED8767 [Muh:ayetal.,MoI. Gen. Genet p0:53-61 (1977)]. wKichwai harvested during 
exponential growth, was infected witji thejphage, which contain^ various DNA fragments 
ofS.»ie«?oft iFO 14782. The infecteificliK was spread out on LB medium containing 10 . 
/«/ml of tc. Afto: incubation for 17'houi^^ at 37»C approxin^tfely io,OQO colonies 
appeared on plates. These colonics were sfcratched aU together, |ncubated in LB Uquid 
medium 4t 3^*0 for 1 hour, dispenseil intd small tubes with UdsJ and stored at -120'C. 
This genomic Hbrary in£ coJfED8767wai introduced into 5. mbfori 16CT8by tri-paren- 
tal conjui^ mating as described belo^ to screen transconjugani. which grew EMM plate 
withoutPR < ' ; j . | 

S. mrfifoft- 16CI8 as a recipient strain Vas ihoculated in Uquid lJmC medium arid incu- 
bated witij shaking at 3D«C at 140 rpnji for jl6 hours. The culture (400 /i) was transferred 
into fresh jsame medium and incubated fo^ 6 hours again. R co/i -HBlOl harboring 
PRK2013 jts a helper strain was inoculated|in liquid LB medium Lntaining 50 /ig/ml of 
Km and iricubated with shaking at 37?C at|l40 rpm fof 16 hours) The culture (100 /A) was 
transferred into fresh medium and moxhM for 6 hours again. iFrozen-stored £ coU 
ED8767 harboring genomic library ofS. rr^^iloti IFO 14782 as a Aonor strain was inocu- 
lated in liquid LB medium containing! 10 jlglvcA of Tc and incubated with shaking at 30'C . 
at 140 rpm for 2 hours. After each strkin vjas harvested, they we^e mixed at 1:1:1 ratio and 
the mixed .cells were put on nitroceUtilose ^ter placed on LBMcjagar plate. After incuba- 
tion for 20. hours at 30°C. ceUs on the filterSwere scratched and suspended mto sterile ' 
0.85O/O saline. The suspension was diluted |nd spread out on EmA plates containing 20 • 
/^ml of Nal (to select for S. meUloti) 4nd k /<g/ml of Tc (to selelt for the plasmid). After 
incubation at 30«C for 8 days. 4 colonies appeared. Plasmids in tUe colonies wi^e pre- ■ 
pared, digested with restriction enzyn^^, aAd analyzed on agaros^ gel. Among these plas- 
mids, one plasmid, which has a 23.0-kb insertion, was designatedC as pSHT09. A 2.5-kb 
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DNA fragment generated by cleaving pSHT09 with EcaiR I was Ijigated into pVKlQO that 
had beenjopened at EcdR I^ite and tte ligation mixture was transformed to £ coli HBlOl 
competent cfeUs (Takara Bio Inc., Shiga. Jipan). Plasmids in appeared colonies were pre- 
pared, digested with restriction enaymes and analyzed on agarose gel. A plasmid, which 
contains a 2.5-kb insertion, was namfed pyK-HTSl. This plasniid was transferred into 5. 
meliloti 16C18 by tri-parental conjugal mating as described above. S. meliloH 16C18 har- 
boring p^K-HTSl (S. meliloti leClSVpVI^-HTSl ) grew on EMlk plate without PN or 4- 
HT. This indicates that there is a gene complementing the grovjth of S. meliloti .16C18 
within th^ 2.5-kb DNA fragment. . | • | 



1 0 (CI Specification of the complementing g^e^ ' ^ 

if ■ ' I ■ ' 

DNA scquence.of Ae 2.5-kb fragment, which was obtained in Example 1 [B], was deter- 
mined with an AlFred DNA sequencer (y^ersham BiosciencesjCorp., NJ, USA). Within 
ihe sequeiice, there was an open reading frame (referred to as ORF hereafter) whose length ' 
was 1491-*^? (SEQ ID NO; 1), Sequence qf the ORF was identical with the CDS region of 

15 SMc0098^ (951316-^52806, complement); in accession number Np_003047. Deduced 
amino acid sequence of the CDS (SEQ ID NO: 2) was predicted as a putative oxidoredua- 
' ase, though its substrate had not been' identified. Then the ORF Was named as pdxR. ' 
A recombinant plasmid, which carried the'pdxR, was constructed as foUtiws. ' The DNA 
fragment containing pdxR and flanMhg region was amplified from 100 ng of chromosomal 

20 DNA of S. meliloti IFO 14782 with advantage-HF PGR kit (Clontech Laboratories, Inc, CA> 
USA) usirig 10-pmol of two primers, SEQ ID NOs: 3 and 4. One primer for a:mino-termi- 
nal was designed to contain an initiation cpdon just after the EcdR I site. Reaction condi- 
tion was ak follows; after holding 15 sec at ^4*C, 25 cycles of 15 sec at 94°C> 15 sec at SC^Q 

; * ? i 

3 min at 68^C The resultant 2.2-kb PGR jjroduct was inserted into pCRII-TOPO vector 

25 with TOPQ TA cloning kit (Invitrogen Japan KK., Japan). It was ascertained that 

sequence of pdxR in amplified region was identical with the corresponding CDS region of 

SMc00985; (951316-952806, complertfent) 'in accession n\xmber NCj003047/ The 1.7-kb 

fragment of DNA corresponding to the amplified region was cut-out with EcdR I and the 

fragment \yas recovered from agarose gel with QI AEXIl (QIAGEN, GmbH, Germany). 

f ' *r • C 

30 The 1-7-kb fragment was Hgated to pKK223-3 expression vector OAmersham Biosciences 

Corp., NJ, USA) that had been opened with EcoH I and depbosphorylated by alkaline 

> J ? 
phosphatase. After transformation of ^ coli JM109 competent cells (Takara Bio. Inc., ^ 

Shiga, Japan) with the ligation mixture, plasmids in transformants were prepared, digested 

with restriction enzyme and analyzed on agarose gel. A recombinant plasmid, pKK-pdxR, 

. 35 wherein TpdxR gene was inserted into the Eri>R I site of pKK223-3?and into the same 
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directioi^of ^ac promoter on the vecior, ^as obtained. PlasmidJpKK-pdxR was prepared 
with £. cqli JM109/pKK-pd¥R with C^IAGEN Midi kit (QlAGEN GmbH. Germany). 
Thus obtained plasmidpKK-pdxR Was di^xested with J5«wHL Resulting 2-kb fragment 
contaihing tac promoter and pdxR Was purified from agarose gk The 2-kb fragment was 
: ligated to^ pVKlOO that had been opeped With Bgl II and dephosphorylated with alkalme 
phosphatase. ^ coK HBlOl competent cells (Takara Bio Inc., SWga, Japan) were trans- 
formed with this ligation mbrture and plalmids in transforman^ were prepared, digested 
with resti^iction enzyme and analyzed on dgaro.se gel, A recombinant piasmid pYK-PifaR. ' 
wherein tac promoter and pdxR gen^ werl inserted into the Bgl^ site of pVKlOO as the * 
opposite direction ofKm resistant gene, was obtained. | 
Thus obtained pVK-pdxR was introduced into SJmeHloU 16Cl»Sy tri-parental cbnjugal 
mating a«' de.scribed in Example 1 [B]; except selection plates, wllich are LBMC containing 
20 mg/L of Nal and 10 mg/L of Tc. Translonjugants grown on Election plates were ob- 
tained and plasmids in the transconjiigan^s were ascertained to have the same stricture of 
pVK-pdxR. Then, these transconjug^nts Were streaked on EMM plate containing 50 mg/L 
of Nm and 10 mg/L of Tc. After inc^batidn at 30cC. all tested.tAnsconjugants could grow 
on the plate, on which S. meUloti ledlS/pVKlOO could not gro4. This indicates that the 

tac promoter can complement S. tkeUhti 16C18. . 

?Kample2: . Enzyme function and iharJcteristics of a pdxR gjne produ^ 

[A] Complenientationof£co/tPdxBf mutant by pdxR gene 1 • 

Thus obtained pKK-pdxR in ExamplJ 1 [c]] was transformed intU. c./i WG1012, which is 
PdxB- mutant (Dempsey,W.B., J. Bajrterik, vol.100, p.295,l4^ Resultant trans- • 
formants and'parent strain,£. coli WGl 01?, were streaked on EMM plates with and wiA- 
out PN. ^fter incubation for 16 hour, at sVx, all tested transfolmants could grow on 

mMplateswithoutPN,onxvhich£!co«f/G10l2couldnotgr<iw.Thisin^^^^^ . 

pd^Rgene product of S.m.Zi/on haMhesaine function aspdxBgenep 
which converts EN4P to 2-keto-EN4P I i 

• • i } [ 

IB] Enzyme reaction system for EN4p!oxidoreductase \ 

<1) Constr\icti6n of microorganisms for pijoduction of pdxR gen^ product and 
preparation of cell-free extract ! j 5 ' 

pV?-pdxR mto 5L m=fifo„- 16C18 « d^-^ fa, E»„pfc , [c,. J. l«Cl«pVK. 
pdxR. w„| grown in «A« con«fa,fa,g6 mi^f , coA.pMcdof !«, gluL, 
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0.5% Poiypepton (Nlhon Pharmaceutical; Co., Osaka, Japan), 0,7% Bacto Yeast Extract, 
0.1% KH2PO4, 0.05% MgSO4'7H2O,|0.00i.% MnS04'5H20, aii4 O.00l% I!eS04-7H2O at 
28*C fot '17 hours. ' ' ; 1 

The seed cultures (each 4 ml) were transferred into 500-nil flasT^ containing 200 ml of a ' 
fermentatioii medium composed of 4% gIucose> 4% Polypepton S (Nihon Pharmaceutical 
Co.> Osalca, Japan), 0,8% Bacto Yeast Extract, 0.05% MgS04-7H20> 0.05% MnS04-5H2O, 
0-001% FeS04-7H20, and one drop of Actocol (Talceda Chemical Industries, Ltd,, Osaka, 
Japan). The flasks were shaken on a irotary shaker (180 rpm) nxQ-^^C. After cultivation for 
72 hours,=35.3 and 35.5 g of wet cells were^ottaincd from 2 liters of the culture broth of S. 
tMlHoti 16C18 and S. meliloti 16C18/pVK}pdxR, respectivdy,bY centrifugation at 10,400 x 
g for 10 minutes, and the cdls were v^ash^ with 200 ml of 0.85^ NaO solution twice and 
stored at f3b"C until use. \ \ • " " 'j' 

The frozen- cells were thawed slowly, suspended "mth 200 ml of 10 mM Tris-HCl buffer, 
pH 7.5. The suspension was passed thrpu|;h a French pressure <^ at 800 leg/cm^. The 
homogenate was centrifuged to remcive tKe cell debris at 37,000 Y S ^'^^ minute.s and 
dien eacl^ 165 ml of supematants wai used as cell-free extract (dHE) and the protein * 
contents L. sl meliloH 16CI8 and S. melUoii 16Cl8/pVK-pd3£R were 5,030 and 5,042 mg, 
respectively. ■ \ . " 

To confirm the expression of PdxR, the each CFE (5 ml) was diidyzed overnight ag»nst 4 
liters of l6 mM Tris-HCl buffer, pH ajid subjected to SDS-PAGE on 10 % (w/v) gels 
and stained with Coomassie Brilliant SluerCRapld Stain CBB Ki^ nacalai tesque Japan). . 
OvereKpression of polypeptide with an expected molecular size (53.0 kDa) vras detected in 
S. f7ieK|oti|l6Ci8/pVK-pdxR but not in S. meliloti 16C18. Therefore, the CFEs were used 
for further study. ] ] i 

! ^ I .- ; . 

(2) EN4P pxidoreductase activities orcell-free extract i 

EN4P was* prepared from E4P (Sigrha-Chemical Co., St. Louis, MO,, USA) by the bromine 
oxidation according to the method of Horeclcer [Methods in Eniymology 3:172-174 
(1957) J. The product was confirmed as m/z 215 (M-H)^ by negative fast atom bombard- 
ment-mass spectrometric analysis (a feol SX- 102/ 102 mass spectroineter) and chromato- 
graphic properties of the produa was .iden^cal with those of material prepared by the 
method oj^ Zhao et al. [J. BacterioL 177:2804^2812 (1995)]- i 

Enzyme reaction system for PdxR was; studied using CFE prepared in Example 2 [Bl (1). 

f -3 

EN4P oxidase activity with oxygen in pFE ivas examined by observation of color change 
(from colorless to pinkish) due to formation of hydrogen peroxide by a modification of 4- 
. aminoantipyrine peroxidase system used for sarcosine oxidase a^ay by Inouye et al. as 

: . i ? ■ I 
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foUows. Reaction mixture (150 M) cbntajned SO mM potassiuiA phosphate buffer, pH 7.0. 
2.3 mM EN4P, 0.47 mM 4-aininoantipyr(ne (Wako Pure chem4al Industries, Ltd., Osaka,' 
Japan). 2lmM phenol (Wako Pure cliemi<jal Industries, Ltd., OsUa. Japan), 19 U horse- ' 
radish peroxidase (Sigma Chemical Co.), knd CFE (0.16 mg prJtein), and color changes of 
reaction mixtures were observed at rpom 'temperature (2l°C) ol- at 5T*C. But, after 10 
min, no doloi change occurred at thibotlj temperatures in the Lction mixtures with CFE 
prepared froni cells of & m^Uhti 16C18 o| S. meUloti 16C18/pVk-p4xR. whereas hydrogen 
peroxide standard solutions gave pinkish colors with intensity cWsponding to the con- 
centrations.. From the results, the both c|Es were determined ^ have no EN4P oxidase 
activity with oxygen. | • - i 

EN4P deliydrogenase activity with NAD* |>r NADP* in CFE wai determined by the forma- 
tion of NADH or NADPH. which ab^orbsfat 340 nm. Reaction mixture (150 M) for assay- 
ing EN4Pidehydrogenase activity contained 33 mM potassium pWphate buffer. pH 7 0 
2.3 mM EN4P. 1 mM NAD- or NAD^ af,d CFE prepared fronj cdls of S. meliloH 16C18 
or S. meUloH 16C18/pVK-pdxR (eachjo.islmg protein). The in<^ease of was moni- 
tored at room temperature (21-C) fo| 1 in a UV-VIS recording spectrophotometer 
UV 2200 (Shimad^ Instruments. Inc., K^^to, Japan), but the Wcrease of Aa^o was not ob^ 
served in ^nzyme reaction mixtures vKth aViy CFEs. Therefore, tke both CF£s were deter- 
mined to have no NAD* or NADP' depen;dentEN4PdehydrogeW activity 
EN4P dehydrogenase activity with anlelec^on acceptor in CFE Was examined at room 
temperature (21''C) by color change due 19 formation of reduced form from oxidized form 
of an elecfron acceptor. Reaction mbkure^lSO jA) contained SSl'mM potassium phosphate 
buffer. 7.0. 2,3 mM EN4P. CFE (0116 rh^ protein), and an electron acceptor such as ■ 
2,6-dichlok-ophenolindophenol (0,091! mhi) (Wako Pure chemicll Industries. Ltd . Osaka 
Japan) (referred to as DCIP hereinafter) o^. ferricyanide (1.3 ml^J) (Wako Pure chemical ' . 
Industries; Ltd.. Osaka. Japan). Discqloraiion of DCIP and ferri^anide occurred within 

^ "^"^'«P«=«^«»y r^^n CFE prepared f^om cells of S. meJOoti 
;6C18/pVK-pdxR was used in enzym^ reaction system containirig EN4P, although the 
^-scoloration of both electron acceptors n^ver occurred in enzyme reaction systen, without 
EN4P m the piresence of CFE of S. meUlcH leClS/pVK-pdxR or L enzyme reaction system ' 
Wllh.and ,Wtho«t EN4P in the presenc^e of fPE of & meiaoti lecis (Table 2) These " 
results indicate that a pdxR gene prodpct o^dizes EN4P with de^ron acceptor such as ' 
DCIP or ferricyanide. • I \ 



Table 2: Color change of electron acc^ptorii in reaction mixture! 



1 1 
1 


S.meUloti 16CIS 


& mdiloti 16C18/pVK-pdxR 


DCIP"+.EN4r' 
DCIP-EN4P. • 

1 


No change^ 
No chbige) 


Discoloration v^thin 30 ^ec. 
No change 


ferricyanide + EN4P 
ferriqranide - EN4P 


No changel 
No change ) 


Discoloration within 1 min. 
No change 



DCIP": 2,6-dichlorophenolindophenol, ^N4P": D-erythronate:4-phosphate. 

i I [ • ; • 

Furthermore^ possibility of qtochrome c instead of DCIP or ferricyanide in above-men- 

i * ' a • 

tioned enayme reaction system of EN4P dehydrogenase with an^electron* acceptor was 
5 examined by measuring change of absorption spectra in 400-601) nm spectral regions due 
to forma^on bf reduced form from (»ddized form of cytodironnte c at room temperatuire 
{ll^C). Reaction mbcture (150 /d)'contaified 33 mM potassium) phosphate buffer, pH 7.0, 
23 mM EN4P, 80 /M oxidized form of cytochrome c (from eqiiine heart, Sigma Chemical 
CoJ) as ari dectron acceptor, and CFE (0.16 mg protein). Absorjption spectra of Ae reac- • 

10 tion mixture of zero time and after 2,l5, id, 15 and 20 min at ropm temperaturie (21°C) 
' ' » ^ [ . 

were monitored witii a UV-VIS recording ispectrophotqmeter Uy 2200. The absorption 

} I i ' 

spectruni of 2:ero time had only a broad peak at 525 nm, but spectra after 2 min appeared a 
new peak at 550 nm corresponding to reduced form of cytochrome c, and the absorption ' - 
in the 550jnm region after 5, lO, 15 aiid 20-min was increased with time course. This result 
15 indicates diat cytochrome c also, works as ^lectron acceptor in enzyme reaction system of :f 
EN4P dehydrogenase. ! | f . . 



c 
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[C] Properties of EN4P dehydrogenase . ; • . 1 

• i • ' i ' ' 

(1) Purificatiqn of EN4P dehydrogenase widi electron acceptors ? 

The pdxR 'gene product havinjg EN4P dehy^drogenase activity with dectron acceptors in 

20 CFE was purified by the folIo\nng chromatography. * i 

(Q Sepharbse HP chromatography) I | \ ■ ' 

The CFE (3,055 mg proteins) of S. maUoH deClS/pYK-pdjcR ob^ined in Example 2 [B] 
(1) was applied to a Q sepharose HP calun|n (44 mm in diameter and 12.5 cm in height; 
Amersham Pharmacia Biotech, Uppsda. Sweden), which was equilibrated with 10 mM 

25 Tris-HCl ljufifer, pH 7.5. After washing wi^ 100 ml of 10 mM Tris-HQ buffer, pH 7.5, 
containing 0.1 M KCl, it was chromatograflhed with a linear gradiient of KCl 0.1 to 0.4 M 
(total volu|ne,'800 ml). After a small portion of each firactionatsd effluent was dialyzed 
overnight dgamst of 10 mM Tris-HCl buffer, pH 7.5, enzyme activity was monitored by 
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measuring the decrease in absorbance at ^00 nm at room temperature (21«C) due to the 
. formation of reduced DCIP. Assay iliixtures (150 /d) containetj 33 mM potassium phos- 
phate bufrer,'pH 7.0, 2,3 mM EN4P,jo.09i DCIP. and 2 /A |>f dialyzed samples. The 
active frajction was duted at the conqentration of 0.37 M KCl, collected and dialyzed over- 
5 night against 10 mMTris-:HCl buffed, pl^7.5. ; 
(Resource Q chromatography) • ; !• • \ 
The dialyzed active fraction (58 mg prote^s) obtained in Q sepjiarose HP 
chromatography was chromatograpKed v^th a Resource Q column 6 ml column 
(Amersham Pharmacia Biotech, Up{^sala,|Sweden), which was equilibrated with 10 mM 
10 Tris-HCl buffer. pH 7.5. After washing 70 ml of 10 mM Tris-HCl buffer, pH 7.5, 
containing 0.1 M KQ, it was chromatogra'phed with a linear gradient of KQ 0.1 to 0.4 M 
(total volhme, 120 ml). After dialysi^^ of e&ch effluent against iqmM Tris-HCl buflfer, pH 
7.5, enzyme activity was measured b^ the ^me method described in Q sepharose HP 
chromatography. The active firaction wasjduted at the concentration of 0.22 M KQ, 
collected and dialyzed overnight against 10 mM Tris-HCl buffer, pH 7.5. 
(HiPrep :(6/60 sephacryl S-200HRchrom|tography) .. '! 

The dialy?,ed sample from the previous step was concentrated b^ ultrafiltration (Centriplus 
YM-10 and fbflowed by Microcon Ylil-lo[concentrat»rs, Amicoji lnc, Beverly. Mass., 
USA) to 300 /4. The sample (21,6 mg proteins) was applied to «*HiPrep 16/60 sephacryl S- 
200HR column (16 mm in diameter ind ^ cm in height; Ameriham Pharmacia Biotech, 
Uppsala. Sweden), which was equiUbiated|with 50.xnMTrK-Hcl.buflfer, pH 7.5, contain- 
ing 150 raM ka. After dialysis of eadh efl^uent against 10 mM tris-Ha buffer. pH 7.5, * 
enzyme activity was measured by the ;same; method described injQ sepharose HP chroma- ' 
tography.j The active fraction was sul)jectid to SDS-PAGE on iq% (w/v) gels and stained 
with Coomassie Brflliant Blue. The ajialys^s indicated that the active fraction was ahnost • 
homogeneous and had a polypeptide With;a molecular weight of.53 kDa, whidi coindded 
with the molecular, weight of the gen^.product deduced from a iJna sequence of pdxR. 

' ■ ' \ ' 

(2) Characterization of flavin binding to P;dxR protein \ ' 

To characterize a flavin binding to P^dR protein, ammonium sulfete fractionation xvas 
applied in;the fmallypurifiedenzyme:solution prepared in Exaiiiple 2 [C] (1) according to 
amethodofCammadc[Biodiem.J.i:09:45-46(1968)]. The en^e solution (1 ml, con- 
taining 4.74 mg proteins) was dialyzecl ovejmight against I liter o'f 80% (w/v) ammonium 
sulfete soljition and its resultant preciipitatfe in a dialysis membraU was collected by centri- 
fagation 4 341800 x^for 30 min, dissl>ived in 0.5 ml of 10 mM iris-HCI, pH 7 .5. and 




dialyzed overnight against 4. Uters of jthe s'amc buffer. The volume of dialyzed enzyme 
solution was brought to 1ml with id mD^Tris-HCLpH 7.5. ; 
Discoloration of DCIP in the enzyme reaction mixture containing 33 mM potassium 
phosphate buflfer. pH 7.0. 2.3 mM E^a4P. purified PdxR treated^ith ammonium sulfete 
5 (2.37 |ig proteins). 0.091 mM 2,6-diqhlor6phenolindophenol. and flavin mononucleotide 
(FMN) (Sigma Chemical Co.) or FAt) (Sigma Chemical Co,) with various concentrations 

was obseived at room temperature (21X). The degree of discoloration was judged at 3 

I i i . I 

minutes.: ' | \' 

From the'ltest. dispoloration of DCIP.occiirred in reaction mixtures with FAD concentra- 
10 tioos greater 'than 0.014 hM, but did kot <|ccur in ^osewithou^Jflavin and with any FMN- 
concentrations as shown in Table 3. pe!^ results mdicate that ^AD is a coenzyme of 
EN4P dehydrogenase, PdxR, of S.»i4»totf^ > • . 



Table 3: Effect of flavin on discoloration of DCIP in reaction m^re 



t 


Discolpratidn degree j 


Final con<^(/iM) 


FAD . ! 

I r 


FMN 

f 


0 


_ » . i 

i 


i 


0.014 


+ . i . -r 


— j 
1. 
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0.059 i 

I 1 






0.24 . 1 ■ 


+++ ' \ 
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0.95 . 


++++ ' 




.0.38 i 
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15.2 


+++++ \ 
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dl 

1 


+++++: ! 


^ 1 
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15 (3) Substrate spedfidty of PdxR ': s 1 

Substrate ipecificity of PdxR was exariiined using the finally purified enzyme solution pre- 
pared in Example 2 [C] ( 1). The standard 'enzyme assay was performed as follows: the 
basal reaction mixture (total volume lisO mI) conasting of 33 mNi potassium phosphate 
buffer (pH 7.0), 2.4 /Jg proteins, 0.09l'mM::DClP, and water up tt) a total volume of 144 jA, 

20 and was inicubated for 1 nunute at roo'm temperature (21*C). Than, 6 fA of 57 mM 
substrates solution listed in Table 4 was ad^ed to give a final con j:entration of 2.28 mM, 
and the wiole was incubated at room temperature. The decrease in Awi was monitored at 
i •• i i \ 
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for =1 niinutc for EN4P dehydrogenise read with e UV-VIS recording spectrophoto- 
meter Uy 2200. One unit of the enzyme activity was defined aithe amount of enzyme 
reduced j nmol of DCIP for 1 minut* un^er tihc action of EN^ dehydrogenase in the 
assay sy5jem:described above. From'the tjsst, PdxR oxidized only EN4P, and did not 
•oxidize other a-hydroxy adds testeci^ f | 

I. • ; f • 1 

Table 4: Substrate specificity of Pdxii ) \ 



Substrates • 


r , 

g iT.uiivii.y ^jimoi/ nun/ mg protein) 


None . . 




EN4P : ■ 

i 




glycolatei - - < 




glyoxylate ^ 




glyceric acid 


1 ' ^ • 


L-(+)-lactic acid ? 


. 0 < 


D,L-lactate 


\ 0 c 

— i s 


D,L-isocitrate ; 


■ \ ^ i 

f J 


L-malic acid 




D-erythronate 


S " i 


glycolic acid 2-phosphate f 


i U ! 


U.(-)-glyceric acid 3-phosphate 


! " ; 



Examples: Production of ^tamirj B« Wy recombinant & m^rl/ori 

' " i ' 

pVK-pdxR obtained in Example 1 [C] vni^ introduced into S. niuioti IFO 14782 by fri- 

parental donjugal mating as described in Example 1 [C]. Transclonjugariis grown on 
I^MCcontaining20mg/lofhIaland;T04g/LofTc.ver«obtainW Plaanids in the 
transconjugants were ascertained to have flie same structure of gVK-pdxR. Thus obtained 
S. melUoti IFO 14782/pVK-pdxR andithe parent strain. S. nteUloli IFO 14782. were incu- 
bated on a LBMC agar plate at 30»C for 4^hours. and aloopfal ^»f each Strain was inocu- 
lated to t^bes containing 8 ml of a seed medium composed of 1% glucose. 1% com steep 
liquor (Nihon Syolcuhin Kako Co. Ltd., Tj^kyo. Japan), 0.2% BaSrto Yeast Bctract, 0.05% 
MgS04.7H.0, 0.001% MnS0..5H.0,:and 0.001% FeSO.-7H.O..pH 7.0. and then the tubes 
were shaken on a reciprocal shalcerat;275?pm at aO^C : 

After shaking for 17 hours, each 4 mliof cJlture broth was transLed to 500-ml flasks mth 
20. two baffles containing 200 ml of a produc^on medium composed of 6% glucose. 4% corn 
steep liquor, 0,8% Bacto Yeast Bdtract, 0.05% MgS0,.7H,0, 0.ok MnSO^-SHjO, 1 % 



A7 



ffxr •II tt 



Allophosite (Shinagawa Chemicals Co., Lid,, Tokyo, Japan), ancL 0.025% Actocol, pH 6-8, 



. and ijhaken oh a rotary shaker at 180* rprri at 30^C. j 

AJfter cultivation for 7 days, contents of vitamin in the supernatant of each culture broth 

were quantified by high pressure liquid chromatography (referred to as HPLC hereinafter) 

5 and produced vitamin was calculated by the internal standard method with 4'-deoxy- ■ 

pyridoxoi as described below. To prepare' the samples for HPL€, 200 ^1 of 500 mg/l of 4'- . 

deoxypyridoxol as internal substance, 50 jwl of 60% plerchloric acid, and 500 yl of water 

were mixed with 500 fA of the standard solutions of pyridoxoi (0-100 mg/L) or of the 

! . ^ i i 

supernatant from the culture broth. Theii the mixture was put pn ice for 10 min. After 

10 centrifiigation at 1 8,000 x g for 10 min, a portion of the mixture was loaded on the 
following column. The analytical conditions were as follows: column, Capcellpak C18 
SG120 (4-6 x-250 mm) (Shiseido Co.j Ltd Tokyo, Japan); mobile phase, 0.1 M sodium 
perchlorate, 0.1 M potassium phospHate, |nd 2% acetonitrile (p^HL 3.5); column tempera- 

• • , r • • 

' • - t "* 

ture, 25-=-26**C; flow rate, 1,0 nil/min;'and detector, ultraviolet (I^JV) (at 292 nm). As a 
15 result, S. mdtloti IFO 14782/pVK-pdxR produced 76 mg of pyridoxoi per liter and was 
about 1.2 times higher &an the parent, S. meliloti IFO 14782 (Tible 5). 

' M ' \ ' 

Table 5: Pyridoxoi productivities of S: meliloti IFO 14782 and S.^eliloti IFO 14782/pVK- 
pdxR . ! ■ • ; 1 



Microorganism 1 


Pyridoxoi (mg/L) 


Magnitude of increasing 


S. mehloii IFO 14782 (DSM 10226) ! 


63 i 


1.0 • 


S. meliloti IFO 14782/pVK-pdxR , 


76] 





; t . i 
> i j 

20 Example 4:- Separation ofyitamin Be firom cultural broth' \ ■ 

; ■ ! i • . I " 

Produced vitamin Bg was recovered fifom the culture broth of S. ^eliloti IFO 14782/pVK- 
pdxR prepared in the same cultural conditions as described in Example 3. Pyridoxoi at 
. each puriQcation step aiid the concentration was followed by HPLC as described in 

Example 3|. 1 < I " 

■ • i ■ . i . 

25 Two liters of the 168-hour culture broth containing 74 mg/L of vitamin was 

centrifuged at 7,500 rpm for 10 min. jThe pH of the resultant supernatant was adjusted to 

3.1 with ijvl HCl, and then the supernatant; %vas applied to a columii (5.5 X 15 cm) packed 

witli 550 ml of Amberlite CG 120 (H*-form, 100-200 mesh, Rohm and Haas Company, 

Philadelphia, Pennsylvania, USA). The cohimn was washed with' 500 ml of deionized 

30 water and .then eluted with 5% ammoniun| hydroxide. The vitai^in fractions were 

concentrated under reduced pressure.'. The residue thus obtained was dissolved in 10 ml of 

i ■• ; I ; 

: f 1 
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-20 



deionized water, and the solution was charged on a column (5-5 x 16 cm) packed with 380 
ml of Dowex 1 x 4 (OH" form, 200-400 rfiesh, Dow Chemical Co., Ltd., Midland, 
Michigan, USA), and then washed with 56o ml of ddonized water. The column was then 
elated with 0.1 N HCl. The fractions' containing pyridoxcl weri concentrated to small 
volume under reduced pressure. After th^ solid residue was dis|olved in small amount of 
hot ethariol, tHe solution was kept standiifg at 4°C overnighL The resultant precipitates 
were collected by filtration and dried;in vacuum to obtain 1 19 mg of crude crystals. It was 
recrystallizerffirom ethanol to obtain'pl.6ing of white crystals hkvirig a melting point of. 
KSO'C. "riie infrared absorption, UVjabsolrption, and NMR spectrum of the product of the 
product coincided with those of authenti<f pyridoxol. ' 
- ; ■ ( I . 
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! • : : \ ! claims j 
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1, An isolated DNA comprising a nudeotide sequence that enc<Jdes PdxR, which is a flavin 
adenine ciinucleotide-dependent D-erythronate 4-phosphate dehydrogenase, selected from 
the group consisting of: \ \ | 

5 (a) a DNA sequence identified by SEQ ID^NO: 1 or the complen^entarjr strand thereof, 
(b) a DNA sequence which hybridiz^ under standard conditions to the DNA sequence 
complementary to the DNA sequencfe defined in (a) or a fragment thereof, and encodes a 
polypeptide having the activity o£fla\Hin adenine dinucleotide-dependent D-erythronate 4- 
phosphate dehydrogenase; t j . , j. . . 

10 (c) a DNA sequence which codes for )i polypeptide having the amino acid sequence en- 
coded by the DNA sequence of (a) ai (b);;. \ 

(d) a DNA sequence which is identical to ^he extent of at least 80% to a DNA which xodes 
for a polypeptide which comprises thie amino acid sequence of SEQ ID NO: 2, and encodes 
a polypeptide having the activity of flavin adenine dinucleotide-Jdependent D-©rythronate 

15 4-phosphate dehydrogenase; and ; • j 

' * * i 

(e) a DNA sequence which codes for ^ polypeptide which comprises an amino acid : 
sequence which is identical to the extent of at least 80% to the axpino acid sequence of SEQ 
ID NO: 2, and encodes a polypeptideihaving the activity of flavin adenine dinucleotide- 
dependent D-ei7thTonate4-phosphate dehydrogenase* 5 * 

20 2. A vector or plasmid comprising the isolkted DNA of any one of ( a) to (e) in claim. 1 . 

• ' • ! ; 1 ! ' . \ 

3. A host cell transformed or transfected bV the isolated DNA asSclainmed in any one of (a) 

to (e) in claim 1 or by the vector or plasmxd as claimed in claim 2. . * 

! ' ■ i 1 ' \ . ' 

4. The hos^ cell according to claim 3> wherein said host cell belongs tb a genus Escherichia 
or Sinorhi^obium. 1 | j 

25 5. A polyp'eptide encoded by the isolated D^NA as claimed in ahy^one of (a) to (e) in daim 

1. • r . 5 

6. The polypeptide of daim 5^ wherein said polypeptide catalyzes, the oxidation of D-ery- 



thronate 4-phosphate without using 62, b^WD\ or NADP*, | 



7. The polypeptide of daim 6, wherein said polypeptide catalyzes the oxidation of D-ery- 
30 thronate 4-phpsphate using an electron acceptor selected from t&e group consisting of. 
cytochrome ci 2,6-dichlorophenolindophenoU and ferricyanide. ; 



. • I 1-22- \ 

8. A process for the productioh of the' pol^cptide of any one offclalms 5 tp 7 having the 
activity of flayin adenine dinudeotide-dependent D-erythronate 4-phosphate dehydrp- 
genase, which compirises culturing the host cell of daim 3 or 4 uker the condition con- 
ductive toj the production of said polypeptide. . •: . 

9. A process for the biological production }jf -vitamin Be which comprises cultivating the 
host cell o/ daim 3 under the condition conductive to the production of vitamin Bg. and 
recovering vitamin Be firom the cultuije. : ( 

\ \ \ • ' 

10. A process for the biological productioii of vitamin Bg which Comprises introducing the 

isolated DNA as claimed in any one of (a) ,io (e) in claim 1 into ii appropriate host qell, 
cultivating the obtained host cell und^r th| condition conductivi to the production of- * 
vitamin Bfo and recovering vitanunflifroiii the culture ' • 

11. The process according to daim 9 pr 10{ wherein said host cell belongs to the genus 
Sinorhizobium. I ( 
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SEQUENCB LISTING 



t 



<iio>Roche Vitamins AG ^ \ 

<izp> DNA encoding FAD dCDcndcni D-erythronlc acid j 
4-phospohate dehydro?en»sc Involved In vltauin B'^ 
I biosynthesis- \ 4 

: ' J [ ^ 

<l3b> sequence for pdxRfcasclB) { 



<i4o> ) i 5 

! 



<141> 
<16'0> 4 



<17'o> Patentin Ver. 2. 1 

! 



i .1 

i r . i • • 

<210> I • \ \ . • . ? • 

<2l!l> I4dl • I 1 ; 

<23!2> DNA \ \ \ • 

<2l'3> Slnorhizobium melilocf } ( f * 

: i ^ i 

<400> 1 '3 \ 

algsccatcf! iccacscUga aecaaccacs [ttRatccgas gcagsgccaf! g«ccar.<tsta 60 
cLiccttcic cceaactcal ct^cctccttc stc'eaiatcff IcBESCctss caatsccctc 120 
acqscaccca ccaacacRRc acccfcacctc ^tcsai$Lccc RccrsCTCtc ccgcescacB IHO 
acsccRCtcs tgctcagRcc ceBCie^etc ^aRt^aagttt csctsgigatj gcKgcLLRcs 240 
astcaeaccc gaacsscagt cgigccRcas ;8gcs?caata ccroacali?!^ ffeccssacas 300 
aticcacscg aggRcaaagc cgac«?tKRtc JCtt tccctcgr agcggciRad ccffcatccgc 360 
gacatcsacc csRtcgBcaa cstgatcei^ [gccftacgccR BCigtatcc£ cracauucatc 420 
cBsaas^ccg ecftaiRacst csaccssctt UlicccctRl cactcffsccc BRauRirciel 480 
SCCCggaicR RCRRcaatcl tCceacdaHi ^gccRgcggca cigccgcgcC igcctaiggg 540 
aacatRcgcc aactctgcct gggffcisgaa ^grcRtRctcc cgacceesBa saiclRRgat 600 
RATRCtcagac gccicaggaa sffacaalacc 'gBckacsalc tBCBcgaici ittcaiCRgc 660 
gcfgaflRgaa cgctcBBcgt calaaccegfr (gecgi 1 1 tga agctctttc^ gaaaccRcsc 720 
Rgccaccagg tggcclttgc cggcctcagg |&gC8lcgagg ucgcactlac gcttttcgat 780 
cg^ecaacaa BCBicleegg grrcggc^ctg jacgggct tcs aacLgalRcc gcggclcggc 040 
aicgaaktca ccacccerirca catcgc'cggc fgteagagaL^ cgalggaaac RacRCatccs 900 
Igktacgngc tgaccgatal ciccacctcgigaiacc^ccR aaagcgcgga acggatggis 960 
caanraccitc icfsaagccgt cat tgcb&ac '.SBictcgiCR aaaacgcBs't catcgcccag lOZO 
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aacgaascBc aacec&gasc ercictffscac atgcffagaaa scaftertcgcc gpcacaaaag 1080 

ect^a9SSl8 gnlccaicaa scaLgacgLt l^ggtcccgg tglcgftgcat tccggccttc IHO 

aisacggagg cggatgCRCl gglciccauR gccatecccg snscg&gcat ctgcgccLtc 1200 

0gccatatgs gcgacggcaa fcatccactacaacalciccc agc/;egtcgg cgcggacaag 1260 

cagagcittc ccgatcggtg gCgcgaRsStc aUsegatcg ttcacgccgl 4ffLgctcaaa 1320 

catgacggci cgatctclgc cgagcatggc alcggccagl tgaagcgm igaactcffcig 1380 

scgatcdect Ggccgatega gati^gagcic ajgc^acgga tcaagcacgi: qllcsacccg 1440 

scgfflgfttca cgaaccccga taaggtgctg cgcgaggalr. gaggcgagia a' 1491 

i • ^ ? ^ ■ 

<2ito 2, , I I 

<2 l,I> 49fi 1 [ ■ i 

<2i:S> Sinorhlzobium neltloli ! 1 i ' 

• I .1 • 



<400>'2 ^ 
Med Ma lie Cly Thr Leu Clu Ala ThV Thr Uu lie Arg GlyiArs Ala 
1 5 ; f 10 1 IS 

i i \ ■ . I 

Met; Thr Thr Val Lc« Pro Ser Pro Glu Leo He Ala Ser Pheival Asp 

! • 20 .21 30l ' 

; i i 

lid Val Cly Pro Cly Asn Ala Leu Thr Ala Pro Ala Asp W-^AU Pro 

• ■ as . • Ao ; 45 5- . 

Tyr Leu Val Clu Ser Ars Gly Leu TyV Ars Gly Thr Thr Prokeu Val 

i sia • 55 5 ; 60 ? 

I •• . . I • I ■ 

Lou Ars Pro Cly Ser Val Glu Clu Vai Ser Leu Val Met Arsaeu Ala 
. 70 i \ 7S' I 80 

Ser CIB Thr Ara Thr Ala Val V|»| PrJ> cin Cly Gly Asn Thr^Ciy iiis 
85 i ■ < 90 i 95 

; ! ; : 

Val Ala Cly Cln lie Pro Are C,Hi CIV Ivs Ala Asn Val Valkeo Set 
! , ion • . . 

Leu Clu ArK Leu Asn Am lie aVr Asp lie Asp Pro Val ClytAsa Val 
I. • ■ lis 120 I 125 . i 



i I 



i I 



t25- 



tlu Yal AU ASP Ala Gly Cys he ijou Ala Asd He Cln :Lys aU Ma 

! : i I • • i 

ASP Ksp^val ASP An? Uu ?he Pro tcu Ser Leu Gly SeriClu Gly Ser. 
US ' • ISO . c . 155 ! 160 

Ala W He Gly Gly Asn Leu Ser Thr Asn Ala Gly GlV^Thr Ala Val 
i . IBS-. • ? 170 \ 175 

i ! • ^ ; •* • 

Leu 'Alaixyr Gly Asn Met Ars jsio Uu Cys Leu Gly LcujGlu Val Val 



180 



Us 



Leu Pro thr Cly Clu lie Trp Asp (Sly Leu Ar« Ars Leu-.AtR Lys ASD 



195 



200 { 

\ s 

X 



205; 



AsnlThr Glv Tyr Asp Leu Arg ?Asp Leu Phe Me Gly AlaiGlu Gly .Tlir 



1210 



2lS f 



220 



LeujGly Val He Thr Cly Ala ival teu Lys Leu Phe ProjLys Pro Are 



225! 



230 



240 



Gly HtA Gla Val Ala Phe AlaiGlyiLeu Ars Ser Val Glu^Asp Ala Leu 
245 ' 250 I 255 



Thr' Leu Phe Aap Are Ala Th 



riSer !val 



I 



250 



^265 



Cys Gly Pro Ala^ Leu Thr Gly 

3 270 



Phe'Glu Leu Wd Pro Ars LfeulGly^le Glu Phe Thr Thr; Are HlS' lie 
* : 275 i280« 285: 

Ala* Gly Vai Are: Asd Pro MettoiulThr Thr lli» Pro Trii Tyr Ala Leu 



290 



295^ 



! 



300 



lie ARp'lle Ser Thr Ser AspiThr;AlB Clu Ser Ala Glu Ars Met Val 



205 



310 



315 



.320 



Gin Asp Leu Leu Clu Ala Vei: He; Ala Asp Gly Leu Val Glu Asn Ala 



32B 



330 



335 



J 



,Val lie Ala Gin Asn Glu Ala Gin? Ara: Ars Ala Leu Trp His Met Are 



1 

• X 




340 



.5 ' 

t 

i 
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•i34L6 
I 

L 



I 

i • 
i 350 



Glii. Ser Met Sor Pro Aid GlnlLysjprq Glu Gly Gly Ser! lie Lys' His 



3S5 



i 36D'l 



365 



AsD^Val Scr Val Pro Val Ser;Ser[ne Pro Ain Phe Met Thr Glu Ala 

370 375: * 330 3 



e 



Asp; Ala Leu Val Ser Lys AU?Jlc7Pro Gly Ala Ar<? lU Cys Ala Phc 
i . 390 \ 395 • 400 



I 



Gly. Hik Met Gly Asd Gly A&n) TuIhIs Tyr Asn Xle Ser Gin Pro Val 

i : 405 - . j . 410 . ; 416 . 

i . ' i . • 

Gly Ala Asd Lys Gin Ser Phe; LeiifAsp Ar« Trp Arg Gli lie Asn Ala 
420 



5 



[425 



430 



lie; Val His Ala Val Val Lcui tysilHis Asp Gly Ser 11^ Scr Ala Glu 

i . ; 4405 .445 

His Gly lie Gly Cln Leu Lys- ArRsAsD Glu Leu Ala Alk Ilo Arg Ser 

I . [ I • 5 . 

Pro He Glu He Glu Leu Meif ArsUrs He Cys Hi.s Ajk Phe Asp Pro 

" 470 i f 475 . ; 480 

AI6 Gly He MCI Asn Pro Asb Lys[ Val Leu Are Glu Asp Are Gly Glu 



4S5 



490 



495 
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<2i2> DNA ' 
<213> ArtSticial Sequence i 

i 

<2p0> ( 
<223>;Dejicription of Artliiciai 



Scauencezan artificially 



19 = 81 
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syntheslsed i^riner seaue^ce 



:400>. 3 
^tteatSK ecBlcBBCB 

1 , 

! 

<2io>; 4 

<li\> 23. . 
<212> WX 

<2i3> Artificial Seauence 

t 

<220>' 



I- 



synlheslzed priner seouencc 

: \ 
i ; 
<400> 4 X 

ccacuccct leiagtacga gel \ 



^223> Bcscrlpllon oC ArlUicial SeQii;eoce;an anificially | 
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